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PURPOSE: To use oscillated la ser light effectively and increase the speed _of pat- 
tern formation by providin g an optical system for f orming laser light into a long 
nrc fa .between a 1 ase r„oscillator and a rectangular aperture for forming the ia~ser 
light into a rectanguiar^^hape. — — , „ , _ ._ 

CONSTITUTION: A system consisting of c ircular cylindrical lenses 17, 18 is pro- 
vided between a laser oscillator 1 and a variable rectangular slit 4. The laser 
light 2 from the oscillator 1 is exnaj aded of a beam width with a beam expa nder 
JJ^ and is next deformed to a beam of a long circle by a system co nsisting of 
circular cylindrical lenses 17, 18 . Thence, it is formed to a r ectangular sh ape 
within ..th e range exceeding a working threshold by a variable slit 4, and is 
imaged onto the work 6 at 1/M the slit size (M is the magnification of an objec- 
tive JensJ3[ as the projected i mage of the sl it J by the, objec tive lens 5, whereby 
it is worked. While the work 6 is scanned by driving an X-Y table 9, the laser 
light 2 is ON-OFF controlled, whereby a desired pattern is obtained. 
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1. Title of the Invention: 

PATTERN-FORMING APPARATUS VIA LASER 

2, CLAIMS 

(1) A pattern-forming apparatus executing formation of 
pattern via a step of initially forming laser beam oscillated 
from a laser oscillator into rectangle via a rectangular 
aperture/ a step of forming image of said laser beam onto 
surface of a sample, and a final step of forming pattern by 
relatively scanning said laser beam on said sample surfac^ ^ ^jy 
while causing said later beam to be turned ON and OFF, said 
pattern-forming apparatus comprises an optical system Tor <s 
forming laser beam into an ellipse between said laser 
oscillator and said jre ctangulara perture . 
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(2) The pattern-forming apparatus via laser set forth 
in Claim 1, wherein said optical system for forming said laser 
beam into an ellipse comprises a convex lens and a concave lens 
or a beam expander comprising a pair of convex lenses and a 
pair of cylindrical lenses each having identical axial 
directionjand different focusing distance, said cylindrical 
lenses are disposed at an interval equal to the sum of 
respective focusing distance, and said beam expander is 
combined with said cylindrical lenses in series. 

(3) The pattern-forming apparatus via laser set forth 
in Claim 1, wherein said optical system for forming said laser 
beam into an ellipse compri ses two pairs of cylindrical lenses 
each having identical axial direction and diffe rent focusing 
d istanc e, which are disposed at an interval equal to the sum 
of respective focusing distance i n combination with each gt frer 
inj^rie£jsojyiat^ intersect 
each other. 

(4) The pattern-forming apparatus via laser set forth 
in Claim 1, wherein said optical system for forming said laser 
beam into an ellipse comprises a convex lens and a cylindrical 
lens, or a concave lens and a cylindrical lens, or a pair of 
cylindrical lenses, or in combination with said lenses. 

(5) The pattern-forming apparatus via laser set forth 
in Claim 1, wherein said apparatus comprises a mechanism for 
causing said optical system for forming said laser beam into 
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an ellipse and said rectangular aperture to be rotated 
integrally or independently in the periphery of light axis, 
said mechanism executes control in order that long diameter 
of laser beam formed into an ellipse can constantly face a 
predetermined direction in conformity with the direction of 
drawing pattern, 

(6) The pattern-forming apparatus via laser set forth 
in Claim 1, wherein further comprising such a function which, 
in such a case in which processed object is rotated within 
sphere being perpendicular to light axis in order to form 
pattern comprising circle or spiral on said sample, causes the 
long-diameter-direction of laser beam formed into an ellipse, 
tangential direction of rotation, and long-side of said 
rectangular aperture to be aligned with each other, said 
function further causes said sample to be disposed in order 
that the center of rotation can be present on the extended line 
of the short-diameter of said ellipse or on the perpendicular 
bisector of the long-side of said rectangular aperture to cause 
the speed of the rotation at the laser-irradiating position 
to be constant, or such a function capable of controlling the 
repeat of pulse laser or the output of cw-laser via the speed 
of the rotation. 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a pattern-forming 
apparatus via laser. 
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Conventionally, in order to form pattern on thin film 
on a substrate via pulse lase r, such an apparatus shown in FIG. 
1 has been used. 

Concretely, laser beam 2 oscillated from a laser 
oscillator 1 is bent by a dichroic mirror^ 3 and then formed 
into rectangular beam by a variable rectangular slit 4 capable 
of forming rectangle as per optional size, and then rectangular 
beam is condensed by an object lens 5. 

In this case, it is so arranged that position of actual 
image of a processed object 6 having thin film 8 on a substrate 
7 condensed by the object lens 5 and position of the variable 
rectangular slit 4 can coincide with each oth er. Because of 
this arrangement , laser beam 2 is formed into image as 
projective image of the variable rectangular slit 4 to generate 
such a rectangle haying^size bgi n 9 one-Mth (where M designates 
magnification of the object lens 5) the variable rectangular 
slit 4, and then, thin film 8 is removed as per the formed image. 

It is also possible to form linearly distinctive optional 
pattern by turning laser ON and OFF while shifting the processed 
object 6 via shifting operation of an X-Y table 9 mounting the 
processed object 6. Note that drive unit and control unit of 
the X-Y table 9 have been deleted from the drawing. 

However, generally, laser beam 2 oscillated from the 
laser oscillator 1 is of Gaussian distribution. The portion 
usable for processing shown in FIG. 2 has such a power density 
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being greater than the processing threshold value, and yet, 
distribution is limited to such a portion where distribution 
is leveled off. Because of this, in the case of forming such 
a pattern solely comprising such a curve (having an extremely 
small curvature) that can be approximated by such a straight 
line having extremely narrow width or that can partly be 
approximated by a straight line, effectively usable laser 
output merely corresponds to a local portion 13 among the whole, 
whereby the majority portion 14 shown via oblique lines in FIG. 
3 has been wastefully discarded. As a result, inasmuch as the 
dimension to be subject to processing via single pulse has been 
limited, there has been such a defect caused by slow processing 
rate. 

The above description has solely referred to the case 
of forming pattern via removal of thin film. However, the same 
applies to the case of initially coating the processed object 
with photo-resist followed by a process of condensing beam via 
laser and other light sources. 

The object of the invention is to eliminate defect of 
the above-cited prior art by providing such a pattern-forming 
apparatus via laser means, which is capable of effectively 
utilizing oscillated laser beam by minimizing wasteful 
irradiation thereof, and yet, capable of promoting the speed 
of forming pattern. 

It is suggested that, in such a case in which laser beam 
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oscillated from a laser oscillator is used for processing such 
an object having a form suited for being subject to processing 
or exposure (hereinafter referred to as processing (exposure) , 
in other words, in the case of processing (exposing to beam) 
an object having such a rectangle with extremely large ratio 
between the short-side and the long-side, laser beam should 
be arranged in order to become an ellipse on the surface of 
a variable slit. In the case of forming image via an object 
lens, as a matter of course, consideration should be given in 
order that power density can exceed threshold value of 
processing (beam-exposure). To implement this arrangement, 
by way of combining a concave lens or a beam-expander and a 
cylindrical lens, and yet, by way of expanding beam diameter 
in one direction and also contracting beam diameter in the 
directi on orthogonally i^^ fj^t*- 11 *? the expanded beam 
diameter, it is possible to form laser beam into an ellipse 
on the sli^ surf ace. 

Referring now to the accompanying drawings, the invention 
is described below. FIG. 4 designates the principle of the 
invention. 

Generally, laser beam is of circular form. Beam diameter 
is expanded by a beam expander 16 comprising a pair of convex 
lenses 15a and 15b. 

When expanded laser beams 2 are incident upon a 
cylindrical lens 17, beams 2 are condensed in the direction 
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orthogonally intersecting the cylindrical axis without 
causing beam diameter to vary in the direction of the 
cylindrical axis, and then beams 2 are again back to the 
parallel one via a cylindrical lens 18, In this case, by way 
of equalizing distances fl7 and fl8 (fl7>fl8) of the 
cylindrical lenses 17 and 18 to the sum fl7+fl8 of respective 
focusing distances, the cylindrical axial direction is equal 
to the beam diameter expanded by the beam expander 16, and yet, 
an elliptic laser beam 19 contracted into f 18/f 17 is generated 
in the direction orthogonally intersecting the expanded beam 
diameter. Power distribution of the laser beam 19 generated 
via the above arrangement is shown in FIG. 5(A) , 5(B) , and 5(C) . 

Such a portion exceeding the processed value is also of 
elliptic form, whereby it is possible to gain such a portion 
capable of executing processing (beam exposure) per round, in 
other words, longer processing length can be secured. 

FIG. 6(A) and 6(B) respectively designate concrete 
embodiments related to the above arrangement. 

In this embodiment, beam diameter of laser beams 2 
oscillated from the laser oscillator 1 is expanded by the beam 
expander 16, and then, the expanded beams 2 are deformed into 
an ellipse by a unit comprising the cylindrical lenses 17 and 
18. 

Next, the elliptic beam is formed into rectangle within 
such a portion exceeding processing (beam-exposure) threshold 
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value by a variable rectangular slit 4, and then, the 
rectangular beams are imaged on a processed object 6 by an 
object lens 5 as the projective image of the variable 
rectangular slit 4 at a ratio being one-Mth (where M designates 
magnification of the object lens 5) the size of said slit, and 
then, processing (beam-exposure) is executed. 

Then, an X-Y table 9 is driven. By executing ON-OFF 
control of laser beams 2 while scanning the processed object 
6, desired pattern can be generated. 

Note that FIG. 6(A) and 6(B) respectively designate a 
beam expander unit comprising a pair of convex lenses 15a and 
15b. It should be understood however that such a beam expander 
consisting of a pair of concave lenses also incorporates 
exactly identical function. 

Although not being illustrated, by way of providing such 
a mechanism capable of integrally rotating the cylindrical 
lenses 17 and 18 and the variable rectangular slit 4 in the 
periphery of light axis and also providing a drive unit in order 
to preserve coincidence in the shifting direction of the 
processed object 6 via the X-Y table 9, axial direction of the 
cylindrical lenses 17 and 18, and the long-side direction of 
the variable rectangular slit 4, it is possible to effectively 
draw such a pattern solely consisting of extremely thin lines 
each having a constant width. 

Next, as another embodiment , FIG. 7 exemplifies such an 
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apparatus which, by way of irradiating laser beams against 
metallic thin film formed on a glass disc, 

executes a process for removing spiral component having 
several pm of width . In the same way as is shown in the embodiment 
related to FIG. 6, the system shown in FIG. 7 deforms laser 
beams 2 into an ellipse via the beam expander 16 and the 
cylindrical lenses 17 and 18, and then, after forming the 
elliptic form into rectangle via the variable rectangular slit 
4, laser beams are condensed and irradiated onto a metallic 
thin film 20 formed on a glass disc 21 being the processed object 
6 mounted on a rotary table 22 via an object lens 5. It is 
desired that pulse laser beams be utilized for executing a 
removal process against the processed object 6. In this case, 
Q- switch YAG, second harmonic wave of Q- switch YAG, cavity 
dumping Ar, p ulse-laser excited Dye la ser, ex cimer l aser, and 
metal -evaporated laser, are suited for use. Further, in the 
case of coating the processed object with photo-resist before 
executing condensation with laser, continuously oscillating 
Ar laser and third harmonic wave of continuously oscillating 
YAG laser are suited for use. 

The processed object 6 is mounted on the rotary table 
22 , which is then conveyed by a conveying table 24 at a constant 
speed while being rotated by a rotation drive unit 23 . In this 
case, it is necessary to accelerate speed of rotation as the 
laser-irradiating position nears the center while detecting 
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the conveying amount or decrease repeating round of laser pulse . 
Further, it is also necessary that the tangential direction 
of the disc-form processed object 6, axial directions of the 
cylindrical lenses 17 and 18 , and the long-side direction of 
the variable rectangular slit 4 be coincident with each other. 
Further, the processed object 6 is rotated within sphere 
perpendicular to light axis, whereas the center of the rotation 
is present on the perpendicular bisector of the long-side of 
the slit 4, and yet, the conveying direction is also present 
on the perpendicular bisector of the long-side of the slit 4. 

In order to form such a pattern having 5pm of width by 
applying laser beam oscillated from the laser oscillator 1 
having lpm0 of diameter, if the diameter were expanded five 
times via the beam expander 16 and then if the diameter were 
contracted into 1/25 only in one direction via the cylindrical 
lenses 17 and 18, it is possible to secure such laser beam having 
5pm of long diameter and 0.2pm of short diameter. By way of 
forming said beam via the variable rectangular slit 4 and using 
a 20 times magnification lens as the object lens 5, a processing 
(beam-exposure) against 200pm of the long-side and 5pm of the 
short-side can be done via a single pulse. Accordingly, 
compared to such a conventional art capable of processing 40pm 
of the long-side and 5pm of the short-side, it is possible to 
secure such a processing (beam-exposure) speed approximately 
5 times faster. 
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Further, in such a case in which spiral processing is 
executed against one-half portion of the outer side of a disc 
having 2OOpm0 of diameter, the innermost side has lOO/jm0 of 
diameter. However, when continuously processing such a 
rectangle having 200ym of the long-side, error is expressed 
by way of the following: 

R 

4 = - R 



COS [tan' 1 — 

i 2 

i 

L.. R 



= R 



COS tan" 



2R 



- 1 



J 



(R = radius of spiral: and L = long-side of rectangle) 
Accordingly, when R = 5Q\m and L - 0,2^m, error is approximately 
O.l^m, and thus, no problem can be raised. 

In the above-referred embodiments, in order to secure 
elliptic beams, the above description has solely referred to 
the case of combining the beam expander 16 with the cylindrical 
lenses 17 and 18. However, as shown in FIG. 8, by way of 
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expanding (or contracting) the beam diameter only in one 
direction per unit comprising two lenses and by way of 
contracting (or expanding) the beam diameter only in the 
right-angled direction of the other unit comprising two lenses 
via combination of the cylindrical lenses 25 , 26, 27, and 28, 
it is possible to secure such beams formed into an optional 
ellipse. 

Further, as shown in FIG. ?, FIG. 10, and FIG. 11, 
considering effective diameter of the object leh-s^ and power 



densit y of condensed laser beams , even when using such a unit 
combining a concave lens 30 with a cylindrical lens 31 or the 
one combining a convex lens 32 with a^ cylindrical lens 33 or 
the one combining the cylindrical lenses 34 and 35, the same 
effect as the above case can also be secured. 

As is clear from the above description, in the case of 
forming such a pattern solely being composed of thin straight 
lines or curve that can be approximated by straight lines, 
according to the invention, oscillated laser beams can 
effectively be utilized , and thus, when executing removal 
process via pulse laser, removable amount (removal speed) per 
pulse can be increased without varying output of the oscillator , 
whereby not only providing such an effect of contracting 
processing time, but even when executing light-exposure of 
photo-resist, such an effect of contracting light-exposure 
time without varying output of the oscillator can also be 
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secured. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a summarized diagram of a pattern-forming 
apparatus according to a prior art; 

FIG. 2 is a chart designating power distribution of laser 
beams ; 

FIG. 3 is a chart for explanatory of effective portion 
and ineffective portion of beams; 

FIG. 4 is a schematic diagram for explanatory of the 
principle of the invention; 

FIG. 5(A), (B), and (C) are respectively charts 
designating power distribution of beams formed into an ellipse 
by the invention; wherein FIG. 5(B) and (C) are respectively 
perspective views taken on lines VB through VB and VC through 
VC; 

FIG. 6(A) and (B) are respectively summarized diagrams 
designating an embodiment of the pattern-forming apparatus 
according to the invention, wherein FIG. 6(B) is a perspective 
view taken on line VB through VB shown in FIG. 6(A); 

FIG. 7 is a summarized diagram designating another 
embodiment of the pattern-forming apparatus according to the 
invention; and 

FIG. 8, FIG. 9, FIG. 10, and FIG. 11 are respectively 
diagrams for explanatory of still further embodiments for 
securing an elliptic beam according to the invention. 
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Explanation of the Reference Numerals: 

1: Laser oscillator 

2: Laser beams 

4: Variable rectangular slit 

5: Object lens 

6: Processed object 

9: X-Y table 

16: Beam expander 

17/ 18: Cylindrical lens 

19: Beams formed into an ellipse 

22: Rotary table 

23: Rotation drive unit 

24: Conveying table 

Agent: Toshiyuki Usuda f Patent Attorney 

FIG. 2, FIG. 5(B), FIG, 5(C) Processing threshold value 
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